Objectives: To investigate the association between neck circumference (NC) and cognitive impairment and interactions between relevant variables to the risk of cognitive impairment.
| INTRODUCTION
Cognitive impairment is an essential part of the diagnostic criteria for dementia, and it may indicate the initiation of Alzheimer's disease or other types of dementia. Studies report a rising prevalence rate of cognitive impairment (Cui et al., 2011) and dementia among the elderly as the population ages, particularly in China. Overweight or obesity in older adults is associated with increased risk for cognitive and functional decline, and the anthropometric measures including body mass index (BMI), waist circumference (WC), and waist-to-height ratio (WHR) were used widely in the assessment of overweight or obesity (Kharabian et al., 2016; Maksimovic et al., 2016; Stabe et al., 2013 ). Epidemiological population-based studies declared that many risk factors are related to the decline in cognitive function, such as hypertension, obesity, and diabetes (Chen, Cui, et al., 2014; Chen, Jiang, Li, Zhou, & Cheng, 2014; Lee et al., 2014; Loef & Walach, 2013) . Obesity is known to be a risk factor for hypertension, diabetes, and cardiovascular disease and has multiple health implications (Loef & Walach, 2013) .
Recently, neck circumference (NC) was also recognized as a screening measure for identifying overweight or obese individuals in adolescents and adults Preis et al., 2010) , as well as for making the prediction of metabolic syndrome (Mets) and obesity (Yan et al., 2014) . NC was the significant independent indicator for obesity and Mets Stabe et al., 2013; Yan et al., 2014) .
The Framingham Heart Study indicated that NC might be increased due to the existence of pathogenic, fatty deposits (Preis et al., 2010) .
Mets and obesity were found to be associated with the risk of cognitive impairment (Ng et al., 2016; Yao, Jiang, Zhou, Chen, & Cheng, 2016) . Results from those studies made it reasonable to hypothesize that NC might be associated with the risk of cognitive impairment.
Indeed, data assessing the association of NC with cognitive decline in older Chinese subjects are lacking. In this study, we conducted a cross-sectional study to examine whether NC was associated with the risk of cognitive impairment and to explore interactions between various relevant variables to the risk of cognitive impairment among elderly in Shanghai suburb, China.
| METHODS

| Subjects
Data were obtained from a population-based epidemiological study on cognitive impairment and dementia among elderly population, which was a cross-sectional study. Study participants were local residents aged 60 years and over from Sheshan town in the Songjiang district, located in the southwestern suburb of Shanghai.
The interviews were conducted during the period of April to May in 2015. Face-to-face interview, data collection, and relevant investigations were conducted by trained medical staff, and the details were described elsewhere (Chen, Cui, et al., 2014; Chen, Jiang, Li, Zhou, & Cheng, 2014; Cheng et al., 2014) . Additionally, we excluded subjects with recent or ongoing infections, malignant diseases, and other serious diseases, or taking corticosteroids or immunosuppressive drugs. This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Ethics Committee of Ninth Hospital affiliated to School of Medicine Shanghai Jiao Tong University.
Prior to the survey, we explained the consent process, study procedures, and purpose to the participants. Informed consent was obtained from each subject, and for participants who were illiterate or severely demented, the consent was signed by their legal guardian accompanying them to the visits. There were 2,500 individuals completed the interview in that study, and the Chinese version of the MiniMental State Examination (C-MMSE) was used to screen subjects with cognitive impairment (Cui et al., 2011; Zhang et al., 1990) . Cognitive impairment was defined as subjects with the C-MMSE score, adjusted for education level, below the cutoff points determined in previous work (Yao et al., 2010) : 17/18 for participants without formal education, 20/21 for those with 1-6 years of education (primary school), and 24/25 for those with >6 years of education (middle school or higher).
The sensitivity and specificity of the cutoff scores of the C-MMSE were reported to be 85.2% and 92.7% from a study (Zhang et al., 1990) . Finally, 269 subjects with cognitive impairment were identified.
| Data collection
Data on demographic characteristics and putative risk factors of cognitive impairment were obtained using a standard questionnaire administered by trained staff.
Height and weight were measured with light clothes and without shoes. The height was measured to the nearest 0.5 cm, and the weight to the nearest 0.1 kg. Waist circumference was measured at the level midway between the lower rib margin and the iliac crest. And the measurements of hip circumference were taken around the pelvis at the point of maximal protrusion of the buttocks. Neck circumference was measured with head erect and eyes facing forward, horizontally at the upper margin of the laryngeal prominence (Adam's apple). All the waist, hip, and neck circumferences were measured to the closest 0.1 cm.
And each of these measurements was taken by at least two healthcare workers. One took the measurements, and the other recorded the readings. The body mass index (BMI) was calculated as the weight in kilograms divided by the height in meters squared. We evaluated overweight and abdomen obesity according to BMI and waist-to-hip ratio (WHR), respectively. Overweight was defined as BMI ≥ 24 (kg/ m 2 ), and abdomen obesity defined as WHR ≥0.9 for men and WHR ≥0.85 for women. Blood pressure was measured twice after each subject had been seated for 10 min. The average was used for analysis.
Total cholesterol (TC) and triglycerides (TG) were analyzed enzymatically on a Beckman Synchron CX5 Delta Clinical System (Beckman Coulter, Inc, Fullerton, CA, USA) using commercial reagents. Hyperlipemia was defined as TC ≥5.72 mmol/L and/or TG ≥1.69 mmol/L. Fasting plasma glucose (FPG) was examined by a glucose analyzer (Roche, Basel, Switzerland), and hyperglycemia was defined as FPG ≥6.1 mmol/L. Smoking was defined as smoke daily, and alcohol drinking was defined as alcohol consumption at least once per week. Snoring was screened by Berlin questionnaire (Ulasli et al., 2014) .
| Statistical analysis
Baseline descriptive statistics for the participants were computed for BMI and WHR. Continuous variables were expressed as mean values (SD). Categorical variables were expressed as numbers and percentages. BMI and WHR were treated as categorical variables. The participants were also divided into even quartiles according to their NC values, and the quartile NC was also treated as categorical variable.
The association between anthropometric measures and cognitive impairment was examined by the logistic regression analysis. Some variables are associated with cognitive impairment and are also associated with NC, BMI, and WHR. These variables (such as age, sex, education level, smoking, alcohol consumption, and snoring) were further adjusted in the multivariate logistic regression models. All statistical analyses were performed using SPSS 20.0 (SPSS for Windows).
All p-values were based on two-sided tests with a significance level of .05.
| RESULTS
In total, 2,500 participants with a mean age of 70.5 years (SD = 7.0) and a range from 60 to 94 years were included in this study. There ) and abdomen obesity (WHR ≥ 0.9 for men and WHR ≥ 0.85 for women) were both higher in women than in men (p = .031 for BMI and p < .001 for WHR).
The percentage of smokers, alcohol consumers and snorer, and the number of people with at least 1 year of education were all higher in men than in women (all p-values <.001). The mean C-MMSE score was significantly higher (p < .001) in men (25.82, SD: 3.9) than in women (22.87, SD: 4.4). For subjects with the lowest quartile of NC, the mean C-MMSE score was also the lowest. And it was significantly different (p < .05) from the other three quartiles for men, as well as was different (p < .05) from the third quartile for women. The C-MMSE scores were higher in the groups with a BMI ≥ 24 kg/m 2 for men and a WHR ≤0.85 for women. The multivariable-adjusted associations between cognitive impairment and relevant variables are presented in Table 3 . The association between higher BMI, WHR groups, and cognitive impairment still differed remarkably with adjustment for age group, gender, education level, smoking, alcohol consumption, and snoring. And higher TC was significantly (p = .015) associated with cognitive impairment.
Compared to the lowest quartile of NC, the second quartile, the third quartile, and the highest quartile were significantly associated with cognitive impairment (for males and females, respectively) after being adjusted for age group, education level, smoking, alcohol consumption, and snoring. However, no significant associations were observed for higher blood pressure, FPG, and TG.
Results from the interaction analysis between TC and a few other variables (NC, BMI, and WHR) to the risk of cognitive impairment are presented in Table 4 . High TC was significantly associated with increased prevalence of cognitive impairment in higher BMI and WHR groups after controlling for confounders. In quartile of both males'
and females' NC groups, high TC was significantly interacted to cognitive impairment, excepting the first quartile of males' NC. A test of interaction between high TC and the quartiles of NC groups for both males and females (except for the first quartile of males' NC group, all p < .05), BMI (p < .001), or WHR (p = .007) was statistically significant from the log likelihood ratio tests.
| DISCUSSION
NC is a simple and time-saving screening measure, which can be used as an index of upper body fat distribution to identify obesity and to predict obesity-related metabolic abnormality (Preis et al., 2010; Stabe et al., 2013; Yan et al., 2014) . In this cross-sectional study of an older population from Shanghai suburb, higher NC and an upper body fat depot, as well as higher BMI and higher WHR, were positively associated with an increased prevalence of cognitive impairment. These results suggest that the effects of upper body fat, just as central obesity, may be a risk factor for cognitive impairment.
Obesity is an epidemic that associated with adverse health outcomes, such as hypertension, diabetes, stroke, and sleep apnea (Mellendijk, Wiesmann, & Kiliaan, 2015; Shin et al., 2014) . Obesity and Mets are associated with vascular risk factors, which in turn may increase dementia risk. Kharabian et al. (2016) assessed the effects of BMI on gray matter volume and cognition in community-dwelled older adults and found that a higher BMI in older adults was associated with widespread gray matter alterations. Pasha et al. (2017) used magnetic resonance imaging (MRI) scan to quantify white matter disease and cognitive test battery to evaluate the cognitive function in 126 adults aged 40-62 years and concluded obesity at midlife affected cerebral white matter prior to detectable cognitive changes. In animal studies, high-fat diet had been shown to impair hippocampal neurogenesis and influence the learning performance (Klein et al., 2016) , which is in accordance with the findings by Pasha (Pasha et al., 2017) and Kharabian (Kharabian et al., 2016) . Our results, which higher NC, higher BMI, and WHR were associated with the increased prevalence of cognitive impairment, were consistent with the results from aforementioned studies (Kharabian et al., 2016; Liu et al., 2015) . Higher NC among elderly is a risk factor for cognitive impairment.
Our results that weight, waist, and hip increased with NC, BMI, and WHR among both men and women (data shown in Another cross-sectional survey of population-based data among 2,092
cases of elderly Chinese (Yan et al., 2014) showed that NC was strongly Our findings were in agreement with these studies (Joshipura et al., 2016; Li et al., 2014; Yan et al., 2014) , in which showed NC was associated with overweight or obesity. It was conferred that NC might be a useful tool for identifying Mets and obesity. However, there were incompatible results. Pedditizi, Peters, & Beckett (2016) performed a systematic review and meta-analysis regarding possible association of overweight or obesity and the subsequent development of dementia.
For all the studies, the age over 65 years was defined as late life, while below 65 as midlife. Being obese in midlife had a positive association with the incidence of dementia, but the opposite was seen in the late life. These results were heterogeneous and the explanation for that might be due to differences in methodology, for example, differences in study designs, participants, and measurements.
Our results indicated that high TC was associated with a high risk of cognitive impairment. Studies have shown that elevated plasma cholesterol levels serve as a risk factor for cognitive decline (Hohsfield, Daschil, Oradd, Stromberg, & Humpel, 2014; Park et al., 2013; Sharma & Taliyan, 2014) . Hohsfield et al. (2014) Q1 = the lowest quartile of NC, Q2 = the second quartile of NC, Q3 = the third quartile of NC, and Q4 = the highest quartile of NC. NC, neck circumference; BMI, body mass index; WHR, waist-to-height ratio; TC, total cholesterol; TG, triglycerides; FPG, fasting plasma glucose.
AD mice depending on age and stage of disease. Park et al. (2013) subjected the mice to a water maze to verify whether hypercholesterolemia had effects on cognitive impairment. It was observed that hypercholesterolemia significantly exacerbated the cognitive decline when compared to the Aβ 25-35 -injected group of normal mice at 4 weeks after Aβ injection. It seems that high TC could promote increased cerebrovascular and blood-brain barrier damage, ultimately leading to the influx of neurotoxic molecules and enhanced inflammatory processes, followed by alterations in AD pathology and the initiation of neurodegeneration and cognitive deficits. Our data were compatible with the aforementioned studies (Hohsfield et al., 2014; Park et al., 2013; Sharma & Taliyan, 2014 In our study, high TC was also significantly associated with the increased prevalence of cognitive impairment in higher BMI and WHR groups. It is well known that cholesterol is an essential substance for maintaining normal structure and function of the brain. But unfortunately, a long-term high-cholesterol diet can lead to a variety of pathological changes of the brain such as Aβ accumulation, reactive gliosis, neuroinflammation, neuronal death, and synaptic degeneration (Asadbegi, Yaghmaei, Salehi, Ebrahim-Habibi, & Komaki, 2016; Klein et al., 2016) . BMI and WHR have been proposed widely as frequently used methods of the indices of obesity (Pedditizi et al., 2016) .
NC has not been given as much consideration as BMI and WHR, which was initially found to be correlated with obstructive sleep syndrome (Davies & Stradling, 1990) and recently was recognized as a screening measure for identifying overweight, obesity, and Mets (Preis et al., 2010; Stabe et al., 2013; Yan et al., 2014) . In our study, when NC or BMI or WHR increased with high TC, the ORs for cognitive impairment increased, which suggested that the high TC could play a synergistic interaction with NC or BMI or WHR in the development and presence of cognitive impairment. A higher NC may result from the upper fat depot and may confer an increased risk of cognitive impairment in the elderly population.
Many studies have shown a positive correlation between high blood pressure and cognitive function (Perrotta, Lembo, & Carnevale, 2016) , and hypertension could generate small vessel disease, which was a major cause of vascular cognitive impairment.
High TG was reported to be associated with cognitive impairment and diabetes, associated with microvascular complications, was also closely related to cognitive dysfunction (Umegaki et al., 2012) .
Umegaki et al. (Umegaki et al., 2012) carried an observational study and found hypertension and hypertriglyceridemia at baseline were associated with more than 5-point declines in MMSE. Although high blood pressure, high TG, and high FPG are key components of metabolic syndrome, no significant associations were observed with increased cognitive impairment from our study. The inconsistency may be, in part, due to certain reasons. In this study, the number of subjects with a history of hypertension, hypertriglyceridemia, and diabetes was small. This might be due to that our participants were mostly farmers and with low education level. There is a certain difference on diet habit of these individuals compared to those living in urban areas (Cui et al., 2013) . Moreover, because adherence to obesity is a risk of cognitive impairment, the true association between obesity and cognitive decline may have been obscured by residual confounding. There are some limitations. For example, a cross-sectional survey study could not finally make a conclusion regarding the causal relationship between NC and cognitive impairment. NC is a screening measure for identifying overweight and obesity. Although our epidemiological study found NC was associated with cognitive impairment, our find-
ings were yet to be verified in other communities or other larger populations. Therefore, the generalization of our finding should be cautious.
Unfortunately, in this study, we did not make further investigations for the diagnosis of dementia as well as its subtypes such as Alzheimer's disease or vascular dementia due to the feasibility and other conditions, so that we are not able to provide more information regarding those aspects.
In summary, our results indicated that increased NC, BMI, and WHR were significantly associated with the increased risk of cognitive impairment and there were positive interactions between TC and NC, between TC and BMI, or between TC and WHR on cognitive impairment among elderly.
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